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ABSTRACT: We examined sera from snowshoe 
hares (Lepus americanus) livetrapped in the 
northern Greater Yellowstone Area (GYA), US, 
for antibodies to Brucella abortus, Francisella 
tularensis, and snowshoe hare virus (SSHV). 
Zero of 90, 0 of 67, and 40 of 100 samples were 
antibody positive for B. abortus, F. tularensis, 
and SSHV, respectively. Hares were trapped 
from 2009 to 2012, and of the six animals that 
were captured twice with at least 1 yr between 
captures, four developed antibody to SSHV, 
indicating active exposure to the agent, These 
findings suggest snowshoe hares in the GYA do 
not play a significant role as a reservoir of B. 
abortus, but do maintain the zoonotic, enceph-
alitic SSHV in the population. 
Key words: Brucella abortus, brucellosis, 
Francisella tularensis, Greater Yellowstone 
Area, snowshoe hare, snowshoe hare virus, 
tularemia, Yellowstone. 
Brucellosis, caused by Brucella abortus, 
is nearly eradicated from livestock in the 
US; however, B. abortus biovars 1 and 4 
remain endemic in bison (Bison bison) 
and elk (Cermts canadensis) populations 
in the Greater Yellowstone Area (GYA), 
which includes Yellowstone and Grand 
Teton national parks and portions of 
Idaho, Wyoming, and Montana near the 
parks. Brucellosis was likely first trans-
mitted from cattle (Bos taurus) to wildlife 
and now occasionally reinfects livestock 
from wildlife reservoirs. European brown 
hare (Lepus europaeus) and wild boar 
(Sus scrofa) are Imown reservoirs for 
Brucella suis biovar 2 in areas of Europe 
where they pose a risk of infection to 
livestock (Godfroid et a1. 2005). SerolOgiC 
769 
surveys in North America have shown rare 
titers to Brucella spp. in lagomorphs 
(Thorpe et a1. 1965; Thorne 2001). Thorpe 
and others isolated B. suis and an un-
identified Brucella sp. from two black-
tailed jackrabbits (Lepus califomicus) in 
Utah (Thorpe et al. 1965). Two serologic 
surveys of snowshoe hares (Lepus amer-
icanus) in Alberta, Canada, for Brucella 
antibodies found no positive animals (Hoff 
et a1. 1970; Zarnke and Yuill 1981). 
Tularemia, caused by Francisella tular-
ensis, is another bacterial zoonosis affect-
ing wildlife. Evidence of infection has 
been found in lagomorphs, rodents, carni-
vores, ungulates, marsupials, insectivores, 
birds, amphibians, fish, and invertebrates, 
Vectors include ticks, biting flies, and 
mosquitoes. Two serologic surveys of 
snowshoe hare populations in Canada 
have shown zero or low prevalence of 
tularemia, and the organism has been 
isolated from hares in Alaska and Minne-
sota in the US and Alberta and British 
Columbia in Canada (Zarnke and Yuill 
1981; Akerman and EmbilI982). 
Snowshoe hare virus (SSHV), in the 
California serogroup of arboviruses (fam-
ily Bunyaviridae), was first isolated from 
a sluggish snowshoe hare in Montana in 
1959 (Burgdorfer et al. 1961). The in-
fection is usually subclinical in snowshoe 
hares, and it is asymptomatic in humans or 
causes nonfatal encephalitis, usually in 
children (Meier-Stephenson et al. 2007). 
Evidence of infection has also been 
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FIGURE 1. Location of the study area in southern Montana, USA, near the northern border of Yellowstone 
National Park, where snowshoe hares were livetrapped and blood sampled for a serologic survey to detect 
antibodies to B'rucella abortus, Francisella tula·rensis, and snowshoe hare virus, 2009-12. 
detected in a wide range of wild species 
(Yuill and Seymour 2001), and nonfatal 
clinical encephalitis occurred in two year-
ling horses (Equus ferus caballus) in 
Canada (Lynch et al. 1985; Heath et al. 
1989). The virus is carried by several 
species of mosquitoes in the genera 
Culiseta and Aedes, some of which are 
present in the GYA (Neilsen and Black-
more 1996). 
This survey was conducted concurrently 
with a population study that involved 
annual trapping and ear tagging of hares. 
Dietary importance of snowshoe hares to 
midsized carnivores, especially lynx (Lynx 
canadensis), in conjunction witl1 the listing 
oflynx in the contiguous US as a threatened 
species (International Union for Conserva-
tion of Nature 2015), has resulted in 
increased emphasis on hare research and 
management, including population studies 
(Ruggiero et al. 2000; Zimmer 2004). The 
three pathogens were chosen for surveil-
lance due to the endemic nature of B. 
abortus in area wildlife and the public 
health importance of the agents. 
The study area encompassed 11.7 km2 
(1,172 ha) between Yellowstone National 
Park and the Absaroka-Beartooth Wilder-
ness drainage on the Gallatin National 
Forest northeast of Gardiner, Montana 
(Fig. 1; 45°06'N, 1100 36'W). Hares were 
livetrapped (Tomahawk Live Trap LLC, 
Hazelhurst, Wisconsin, USA), manually 
restrained, weighed, measured, and 
marked with ear tags, and then the sex 
was determined. Blood samples were 
collected from the medial saphenous vein 
using a 23-gauge needle and 3-mL syringe. 
Trapping occurred between early J anumy 
and late March each year from 2009 to 
2012. Serum was separated and kept frozen 
(-80 C) until shipment to laboratories for 
testing. Specimens from 2009 to 2012 were 
tested for antibodies to B. abortus by the 
fluorescence polarization assay (FP A; Gall 
et al. 2000) and for antibodies to SSHV by 
using the plaque reduction neutralization 
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TABLE 1. Results (number positivelnumber tested) of a serologic survey for antibodies to Brucella abortus, 
Francisella tularensis, and snowshoe hare vims in a population of snowshoe hares sampled in an area in 
Montana, USA, near the nOlthern boundmy of Yellowstone National Park, 2009-12. 
Year 
2009 
2010 
2011 
2012 
Total 
• CI = confidence interval. 
b NE = not evaluated. 
B. abortus 
0/31 
0/31 
0/21 
017 
0/90 
test (PRNT) based on the original pro-
cedure described by Lindsey et al. (1976). 
Neutralizing antibody titers were ex-
pressed as the reCiprocal of the endpoint 
serum dilution in six-well plates that re-
duced the SSHV plaque count by 90%. 
Titers 2':: 10 were considered positive. Sera 
from 2009 and 2010 were tested for 
antibodies to F. tularensis by the micro-
agglutination assay. Serologic tests for 
B. abortus were conducted at the National 
Veterinary Services Laboratories in Ames, 
Iowa, US, and for F. tularensis and SSHV at 
the Centers for Disease Control and Pre-
vention (Fort Collins, Colorado, USA). 
During the study, 100 sera were tested for 
one or more pathogens (Table 1). Six hares 
were sampled twice with captures 1 or 2 yr 
apart (Table 2). The time antibody levels 
would stay elevated in snowshoe hares after 
exposure to these pathogens is unknown. 
All samples tested by FPA (n=90) were 
negative for B. abortus antibodies. All 
samples tested by the micro agglutination 
assay (n=67) were negative for antibodies 
F. tularensis 
0/36 
0/31 
NEb 
NEb 
0/67 
Snowshoe hare virus (%, 95% CIa) 
15/35 (43, 26.6--59.4) 
15/31 (48, 30.4-65.6) 
4/21 (19, 2.2--35.8) 
6/13 (46, 19.0-73.0) 
40/100 (40%) 
to F. tularensis. Forty percent of all 
samples tested by PRNT (n=100) were 
positive for antibodies to SSHV (Table 1). 
Of the six hares sampled twice in 
different years, one remained negative, 
one had a similar titer (less than fourfold 
change) at recapture, and four converted 
from negative to positive (Table 2). 
Negative findings for Brucella antibodies 
are consistent with two previous surveys 
that sampled more than 1,200 snowshoe 
hares in Alberta, Canada (Hoff et al. 1970; 
Zarnke and Yuill 1981). In comparison, 
European surveys of brown hares in B. suis 
endemic areas found up to 3.5% antibody 
positive (Winkelmayer et al. 2005; Gyur-
anecz et al. 2011). Another hare species, 
black-tailed jackrabbit (Lepus californicLts), 
experimentally inoculated with B. abortus, 
failed to develop detectable antibodies to 
the infection nor did bacteria persist in 
tissues (Thorpe et al. 1967). Of note, B. suis 
biovar 4 infection persisted up to 57 d in 
experimentally infeCted snowshoe hares 
(Miller and Neiland 1980). Our results 
TABLE 2. Results of serologic tests for antibodies to snowshoe hare vims (SSHV) in hm·es that were 
recaptured one or more years apart dming a population stndy on snowshoe hares located in Montana, USA, 
close to Yellowstone National Park, 2009-12. 
Animal First capture SSHV titer Second capture SSI-N titer 
5153 22 September 2010 <10 2012 320 
5069 25 March 2009 <10 2 March 2010 80 
3711 21 March 2009 <10 9 March 2010 160 
0020 24 March 2009 40 2 March 2010 80 
5168 2 March 2010 <10 22 Febmmy 2011 <10 
3475 18 March 2009 <10 22 Febmmy 2011 80 
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suggest that snowshoe hares play no 
significant role as wildlife reservoirs for 
B. abortus in the GYA. 
Negative findings for F. tularensis anti-
bodies are consistent with other serologiC 
surveys of snowshoe hares, which found 
from 0% to 1.55% to be positive (Hoff 
et al. 1970; Zarnke and Yuill 1981; Aker-
man and Embil 1982). Experimentally, 
infections of snowshoe hares with fewer 
than 10 F. tularensis organisms have 
resulted in fatalities, often with no mac-
roscopic lesions (Miller 1974). The low 
prevalence of antibody may indicate that 
snowshoe hares plays little role in the 
maintenance of F. tularensis in nature, or 
it may be due to low sUrvivability after 
infection (Hoff et al. 1970), as appears to 
be the case in mountain hares (Lepus 
timidus) from Sweden (Marner et al. 
1988). 
The 19-48% prevalence of antibody to 
SSHV, depending on the year, is similar to 
findings in Canada and Alaska. In a 9-yr 
study, Hoff et al. (1970) found antibody 
prevalence in the range of 20.0-75.4% 
depending on year, with prevalence de-
creasing as the hare population increased. 
Serologic surveys of other snowshoe hare 
populations have shown prevalences of 
11.3-65% (McLean et al. 1975; Embil 
et al. 1978; Zarnke and Yuill 1981; Zarnke 
et al. 1983; Goff et al. 2012). In our study, 
seroconversion to positive in four of six 
hares sampled twice indicates active ex-
posure to SSHV in the hare population 
during the years of the survey (Table 2). 
Investigators in Canada reported ap-
proXimately one human case of symptom-
atic infection with a California serogroup 
~rus per year between 1978 and 1989 
(Meier-Stephenson et al. 2007). Most of 
these cases were due to SSHV. Our results 
should remind health care workers, public 
health officials, and veterinarians of the 
presence of an active infection cycle of this 
mosquito-borne encephalitis ~rus that is 
transmissible to, and capable of prodUcing 
clinical encephalitis in, humans and horses 
in the GYA. 
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